Over the last several years, many undergraduate engineering programs have incorporated entrepreneurship education into their curricula through formal coursework and other informal cocurricular programs. Although it is imperative to evaluate these programs to better inform entrepreneurship education practices, minimal attention has been devoted to assessment of entrepreneurship education programs. Furthermore, of the few existing studies, most have examined students' perceptions of learning gains and affective responses such as entrepreneurial self-efficacy, mindset and attitude. In this study, we present an examination of students' actual learning in an entrepreneurship practicum course at large research university. The course leverages widely used Lean Launch Curriculum and Business Model Canvas (BMC) to engage students in entrepreneurship in a project-based learning environment. In contrast with prior work that has primarily relied on students' self-assessment of learning gains, we evaluated students' entrepreneurial knowledge using pre/post open-ended surveys with questions examining students' approaches to starting a new venture at different phases of development. Our findings provide evidence supporting the anticipated positive change in student learning outcomes, indicating that the students were able to understand and internalize the BMC concepts they were exposed to in the course.
Introduction and Background
Historically, entrepreneurship has been associated with seeking self-employment opportunities and creating new enterprises (Katz, 2003) . While venture creation has traditionally been a metric of entrepreneurship education, researchers have argued that while entrepreneurship may involve venture creation, it is also the demonstration of a particular set of skills, knowledge and behaviors used to identify and develop new opportunities. As Kuratko (2005) explains, "the characteristics of seeking opportunities, taking risks beyond security, and having the tenacity to push an idea through to reality combine into a special perspective that permeates entrepreneurs" (p. 578). This paradigm shift in the conceptualization of entrepreneurship from an innate characteristic to a developable skillset, has led to the creation of several entrepreneurship education programs in multiple institutions to impart entrepreneurial knowledge, instill entrepreneurial skills, and develop entrepreneurial mindset in students. Especially in engineering, entrepreneurship has received significant attention in the last decade. As reported by Shartrand, Weilerstein, Besterfield-Sacre, & Golding (2010) , in 2010, more than 50% of universities affiliated to ASEE were offering entrepreneurship through formal courses and informal programs such as pitch competitions. This urgency has been fueled by recurrent national calls for fostering an entrepreneurial and innovate economy and the need to develop innovative engineering graduates to compete successfully in a global economy (National Academy of Engineering, 2005) .
Advances in Entrepreneurship Education
Recent initiatives from the National Science Foundation (NSF) have further promulgated entrepreneurship in higher education institutions. In 2011, NSF launched the Epicenter Program: National Center for Engineering Pathways to Innovation (Epicenter, 2017) and I-Corps Program (NSF, 2016) to impart entrepreneurship training to students and faculty members respectively. During the last five years of Epicenter program, more than 450 students affiliated to 130 institutions have been exposed to entrepreneurship training through the University Innovation Fellows initiative. In addition, through the Pathways to Innovation program, faculty teams representing 50 universities have been mentored on entrepreneurship. Similarly, the I-Corps program has assisted scientists and engineers involved in NSF funded projects to explore opportunities for commercializing their technical innovations. The I-Corps program has exposed faculty members to entrepreneurship education through the Lean Launch curriculum. To date, approximately 18 research-focused universities are using Lean Launch curriculum for providing entrepreneurship training to science and engineering faculty members (Venturewell, 2016) .
Lean Launch utilizes experiential learning to immerse students in projects that allow them to hypothesize and test their business models outside the classroom. The curriculum uses Business Model Canvas (BMC) to teach important concepts related to venture creation and guide students in their venture creation projects (Osterwalder & Pigneur, 2010) . BMC is a tool developed to help plan, examine, design, and create business models. The canvas is divided into 9 sections, representing the 9 fundamental components of a business model. The 9 sections include key partnerships, key activities, key resources, value proposition, customer relationships, channels, customer segments, cost structure, and revenue streams.
• Customer segments delineates the potential customers of the business and helps shape the product towards such audience.
• Customer relationship describes how the project or product will be related to the target audience so they are aware of its existence and become eager to try it.
• Key partnerships refer to people, companies or projects that would be strategic when making connections for the business.
• Key activities refer to the strengths of the entrepreneur and those that add special value to the business.
• Key resources include both tangible and intangible resources that the entrepreneur can count on when developing his/her project.
• Value propositions present the benefit that the project will provide and the plan behind it that shows the creative aspect of the entrepreneur as this has to novel.
• Channels describe the distribution medium of the product and the intermediate participants of this process.
• Cost structure describes the costs associated with developing and running the future business.
• Revenue stream talks about how the business will acquire funds both through profit and investors/necessary loans.
The BMC provides a platform to organize and analyze components critical for the development of a scalable and repeatable business model. Students are encouraged to use customer discovery, the practice of interviewing stakeholders, to populate and iterate on the BMC. Recently, the BMC and the process of customer discovery have become two of the more commonly used tools in entrepreneurship education programs. As a teaching tool, the BMC allows students to learn important entrepreneurship concepts as they engage in experiential venture projects and test their hypotheses through customer discovery. It provides a platform for students to understand customer needs, product market fit and how to operationalize their solution. To better inform entrepreneurship education design and teaching, it is important to assess what students are learning in correspondence with what they are being taught (Shartrand, Weilerstein, BesterfieldSacre, & Olds, 2008) . In our study, we focus on examining students' entrepreneurial knowledge taught using BMC in an engineering entrepreneurship course.
Entrepreneurship Education Research
As more universities start focusing on developing entrepreneurial and innovative skills in their graduates, the number of formal engineering entrepreneurship programs is likely to increase in the near future. To meet the demand of developing entrepreneurially minded engineers, engineering institutions "will need to keep pace by offering opportunities to acquire entrepreneurial knowledge and experience" (Besterfield-Sacre et al., 2012) . Considering the emergent state of engineering entrepreneurship education, the assessment of entrepreneurship programs is important and necessary to identify best practices for teaching entrepreneurship to engineering students.
Although investigation of the impacts of engineering entrepreneurship is a relatively new field of study, investigation of a range of student outcomes has already begun to emerge. Researchers have examined a wide variety of aspects relevant to entrepreneurship education including but not limited to students' academic performance and retention (Ohland, Frillman, Zhang, Brawner, & Miller, 2004) , career choice and attitudes (Duval-Couetil, Reed-Rhoads, & Haghighi, 2012; Jin et al., 2016) , and learning outcomes (Duval-Couetil, Reed-Rhoads, & Haghighi, 2011; DuvalCouetil, Reed-Rhoads, & Haghighi, 2010) . These studies provide a window into the impact of engineering entrepreneurship programs, with growing evidence supporting their effectiveness in addressing several predominantly noted engineering education challenges such as student learning and retention.
Despite the above studies, the impact of engineering entrepreneurship programs on entrepreneurial knowledge is poorly understood. In one of the very few studies, Besterfield-Sacre et al. (2012) developed the Entrepreneurship Knowledge Inventory and examined the differences in entrepreneurship knowledge among engineering students across six engineering institutions. The inventory assessed the students on their familiarity with commonly used engineering entrepreneurship terminology and concepts. The researchers reported positive impact of entrepreneurial experiences on students' entrepreneurial knowledge. The researchers suggested that entrepreneurial experiences could considerably assist in increasing engineering student's entrepreneurial knowledge, encouraging development entrepreneurship programs that expose students to entrepreneurship in an experiential learning format.
Although Besterfield-Sacre et al. (2012) 's work presents a tool for assessing entrepreneurial knowledge, the inventory is a measure of students' self-assessed knowledge rather than a "direct measure of measurement of the actual skills and knowledge" (p. 8). We argue that this approach does not completely capture students' understanding of entrepreneurial concepts due to emphasis on only students' familiarity with concepts and terms, rather than their ability to internalize and apply entrepreneurial knowledge. In other words, overall there is almost no research that uses a direct measure of entrepreneurial knowledge to assess the impact of entrepreneurship programs on student learning. Guided by this gap, in our study, we examined students' entrepreneurial knowledge using open-ended survey items which examines students' ability to apply entrepreneurial knowledge in response to given problem scenarios.
Methods
This study was conducted in three sections of a senior-level, three-credit entrepreneurship course offered by the College of Engineering at a large research university in the US (n=57 students). The three sections were taught by three different instructors and leveraged the Business Model Canvas and customer discovery approach for course design and instruction. Each course met once a week for 120 minutes and followed a student-centered teaching approach that engaged students in different venture projects, in-class discussions, quizzes and presentations.
A Pre/Post research design was implemented for this study.
Students responded to open-ended survey in the first and last week of the class. The response rates were 81% (n=46) and 65% (n=37) for the pre and post survey, respectively. Survey questions assessed students' knowledge of key concepts emphasized in the course: customer discovery, feasibility of product, and adaptability to customer segment. The survey was administered online and included the following questions:
1) Your company has a new idea for a cellphone app to help people manage their diabetes.
You have been tasked with evaluating whether or not this app should be brought to market by the company. Describe who you would speak to, why you want to speak to these people, and how you would make contact with them. (Customer Discovery) 2) An elderly woman is having trouble managing her diabetes. Describe at least five steps you would take to determine if this cellphone app would be a potential solution for her problem. (Feasibility of product) 3) In speaking with potential users you discover that the majority of diabetic patients are over the age of 60. Describe how this might influence your company's next steps with the app.
(Response to customer discovery results)
Students provided open-ended responses to each of the three survey questions. Survey responses were analyzed by two researchers who independently performed thematic coding on the pre and post datasets respectively (Robson, 2011; Strauss & Corbin, 1990) . Four researchers reviewed the initial set of codes and resolved discrepancies to ensure inter-rater reliability. The findings emerging from students' responses for the three questions are reported in the sections below. The example responses for the emergent codes are provided in Appendix.
Findings and Discussion
Overall, the students' survey responses demonstrated that students were able to internalize and understand the concepts of BMC that were taught in an experiential project-based learning environment. In the area of customer discovery, students' understanding expanded to include a wider range of key stakeholders, consider their relationships with the targeted customer segment, and include relevant factors pertaining to these relationships when evaluating an entrepreneurial idea. Similarly, for determining the feasibility of the product, students' post responses showed increase in students' preferences to follow a more iterative approach to refine the product as per customer needs. Lastly, responding to customer discovery results, students' answers noted a change from following a conventional approach involving modification of product in the presurvey, to willingness to accept infeasibility of the entrepreneurial idea and making decision to not move forward with the venture. These findings are presented in detail in the sections below.
Customer Discovery
The first question focused on examining students' understanding of the process of customer discovery. For the 'who would you talk to' part of the question, students' responses grouped into six categories: diabetics, doctors, business experts, health providers, technology developers and others (e.g. mentors and organizations). Patients emerged as the most frequently reported answer noted in the students' responses. Approximately half of the instances noted diabetes patients in the pre (55%) and post (49%) responses (Table 1) . While the categories of patients, physicians and business consultants noted a decline in the post responses, there was an increase in instances pertaining to healthcare providers, developers and other such as mentors, organizations, and phone users. For example, while the percentage of instances noted in pre responses for patients was 55%, the percentage was 50% in post responses. In contrast, while the percentage of instances noted in pre responses for technology developers was 5%, the percentage increased to 8% in the post responses. Overall, while students mentioned contacting diabetics and doctors/physicians in both pre and post responses, 36% of the post responses were distributed among the other four categories as opposed to 27% of the pre responses.
An implication of these finding is that the instead of simply focusing only on the more obvious group of patients and physicians; the students took into consideration a broader group of stakeholders that need to be accounted in the process of evaluating an entrepreneurial business plan. In the context of BMC, the findings indicate that in contrast with pre responses, the students in their post responses considered a wider range of key partners and their potential relationships with their targeted customer segment to evaluate their business plan. For the 'why would you talk to' section of the question, students' reported reasons were spread across a wide range of themes that focused on finding more information about the targeted customer, market and product. In particular, nine different categories of responses emerged from the data set: assessing user needs, determining market viability, gauging interest, familiarizing with disease, target audience, determining product benefits, gaining feedback on market value product, familiarizing with competing products, and determining technological validity of the product.
There were a few noteworthy trends that emerged in this section. First, 'determining user needs' emerged as the most commonly reported reason in both pre (28%) and post (18%) responses. Similarly, 'market viability' was also frequently noted in the students' pre (18%) as well as post (13%) responses (Table 2) . Second, in contrast with pre survey, students' responses in post survey were well distributed across the different categories (Figure 1 ). For example, while 61% of the pre responses were in the first three categories (user needs, market viability and product benefit), the total percentage of post responses in these categories was just 39%. Conversely, the students' responses pertaining to the other six categories totaled to 61% in post survey in contrast with 39% in pre survey.
Figure 1: Concentration of 'Why would you talk to' student response
These findings imply that student awareness of factors that they need to gather more information about while conducting customer discovery increased. For example, while the percentage of responses decreased from 28% to 18% for assessing user needs in the post survey, there was an increase in the percentage of responses from 6% to 11% for the 'familiarize with disease' category in the post survey. This finding is connected to student response to 'who would they talk to' question. Since the students focused more on a diverse group of stakeholders in the post survey responses, they were able to think more broadly in terms of the information they will need to gather from different stakeholders than just diabetics. In the context of BMC, the students not only expanded the list of important stakeholders but also were able to understand the information that they need to gather from them to evaluate an entrepreneurial venture plan/idea. For the 'how would you contact them' section of customer discovery question, similar trends were noted in students' responses. First, majority of the students reported that they would contact through doctors/physicians in both the pre (36%) and post (36%) responses. This is primarily because students thought that it would be the most efficient way to contact their targeted customer segment, i.e., diabetes patients. Table 3 presents student response to 'how would you contact them' question. Second, there were several categories that witnessed positive and negative changes between the pre and post responses. Particularly, while the percentage of responses for the email/phone call, personal networks and in-person meeting declined in the post survey, there was an increase in the percentage of student responses for other categories such as survey, focus groups, and databases. This shows that students relied on more formal methods of data collection in their post responses when compared to pre responses to gather information needed to evaluate their business plan and/or idea. 
Feasibility of product
While the previous question focused on customer discovery, the second question examined students' ability to determine the feasibility of a product in solving the problem. The question asked students to describe steps that they would take to determine if the app would be a potential solution for an elderly diabetic. Results of student response for this question are presented in Table 4 .
Overall, in both pre and post survey, the majority of the students (56%) responded that they would research how the elderly women manage their diabetes. However, there were few noteworthy changes between the students' pre and post responses. Particularly, responses for the category providing training and assessing patients' willingness to use the app declined from 12% and 15% in the pre survey to 2% and 0% in the post survey responses respectively. On the other hand, a 20% rise in student responses pertaining to 'make the app easy to use' was noted in the post survey in contrast with the pre survey. This suggests that instead of providing training or gathering feedback on customer's willingness to use the product, student in the post survey followed a more iterative approach involving making changes in the product to better suit the needs of the user. 
Response to customer discovery results
The last question aimed at assessing how students will respond to results obtained from the customer discovery process. Specifically, the question asked students what their company's next steps would be when they learn that a majority of the potential users of their app are over the age of 60. In the pre responses, 'simplify app' and 'finding a different problem' emerged as the most commonly noted response with a significant 84% responses falling in these two categories (Table  5) . Although students also reported that they would simplify the app (20%) or find a different problem (14%) in the post survey, the most frequently noted response was making the app user friendly. In contrast with 10% in pre-survey, 31% of the post-survey responses noted that the students would make the app user friendly. This shows that there was a shift from just simplifying the app to more following a user/customer-centered approach. Furthermore, in contrast with pre survey, two additional response categories were noted in students' post responses. Particularly, there were several responses in the post survey that reconsidered the viability of the app among elders (20%) and the decision to not develop the app (6%). This demonstrates that instead of going forward with the entrepreneurial idea, the students were able to identify scenarios in which the decision to move forward will be futile. This finding is particularly noteworthy because one of the key recommendations of LeanLaunch Curriculum is to initiate a startup venture at a small scale and use the BMC iteratively to evaluate whether the idea is worthy for further pursuit. In other words, shift in students' response from simplifying the app to evaluating the feasibility of the entrepreneurial idea shows that the students were not just able to understand the concepts of BMC but also use it as tool to make decisions about their proposed venture plan. 
Conclusion
By nature, entrepreneurship breeds a culture of high paced transactions as individuals seek to capture value from unrealized opportunities. At the same time, entrepreneurship program development has been outpacing entrepreneurship education research and is often created based upon anecdotal evidence. This paper is an attempt to rigorously capture the impact of the BMC/customer discovery approach to entrepreneurship education on student knowledge development. Using pre/post survey design, we were able to demonstrate that students internalize and understand the concepts of the BMC and customer discovery approach. After engaging in customer discovery, students were more apt to include a wide range of stakeholders for feedback, critically analyze their relationship with their customer segment and integrating these findings when evaluating their entrepreneurial ideas. In addition, students demonstrated two fundamental concepts that are considered inherent to the entrepreneurial process, iteration and pivoting. Post course responses demonstrated that students continuously reviewed the findings of customer discovery process to iterate on their business model and were open to the idea that they may need to reconsider revisiting their initial concept and preconceptions.
Not only does this work establish the impact of the BMC/customer discovery approach on student knowledge development, but it offers a new approach for examining the impact of entrepreneurship instruction. In this approach, we assess the impact of instruction on entrepreneurial knowledge, rather than perceptions of affective variables or student self-report of learning gains. Initial qualitative results are promising for several reasons. First, pre-and postinstruction results are different, with differences aligning with anticipated learning outcomes. This suggests that the three knowledge constructs (customer discovery, feasibility of product, response to customer discovery results) under investigation were effectively targeted by the survey itself. Second, analysis of survey responses yielded themes that aligned with survey intentions and which were reproducible across researchers. This thematic analysis suggests that this initial set of qualitative data can serve as the foundation for a quantitative survey of entrepreneurial knowledge. Future studies can then evaluate the validity and reliability of a quantitative entrepreneurial knowledge assessment designed for engineers. Finally, this study provides some of the first evidence of knowledge gains among students resulting from exposure to Lean Launch and the Business Model Canvas. These knowledge gains suggest that interdisciplinary education -exposing engineers to business concepts in engineering-appropriate contexts -has significant potential for addressing the needs of the 21 st century engineer. Table 5 Simplify app We may have to make the app very simple to use because the people who are using it didn't grow up in an age when smart phones and apps were prominent.
Find a different problem
We might have to use a different platform other than apps to address this issue with our clientele Making the app user friendly People over 60 are generally less tech-savvy than their younger counterparts. As such, I would aim to make the app incredibly user-friendly and easy to use. Viability among elders Do people > 60 have phones, know how to use phones, are willing to use/get phones, are their family members will to teach them how to use phones? Would not develop app Most individuals over the age of 60 have little smartphone experience. May not want to create an app Other (teaching app and changing audience)
We might have to use a different platform other than apps to address this issue with our clientele
